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OPEN-ACCESS C .W. DOl’PTXR TECHNIQUE 
FOR COLLISION -!MkpJ) WARNING 
James H .  Schrader 
( P r e s e n t a t i o n  a t  FAA-Sponsored Symposium on P i l o t  Warning I n d i c a t o r s  
for A i r c r a f t  C o l l i s i o n  Avoidance; December 12, 1967) 
Langley Research Center  has been i n v e s t i g a t i n g  techniques which can be 
app l i ed  t o  t h e  co l l i s ion -haza rd  problem for  g e n e r a l  a v i a t i o n .  
i n d i c a t e d  previous ly ,  t h e  i d e a l  device  i s  one which is, f i r s t ,  s e l f - con ta ined ;  
second, inexpensive;  t h i r d ,  l i gh twe igh t ;  and, f o u r t h ,  lo-,J powered. However, 
s i n c e  w e  were no t  a b l e  t o  f i n d  a n  approach which would s a t i s f y  a l l  these  
requi rements ,  ic appeared necessary  t o  concent ra te  on what w a s  probabiy the  
n o s t  impor tan t  goa l  i n  t h a t  i t  determines the degree of acceptance o r  use - t h a t  
As has  been 
of  cost. F o ~ l o r i i n g  a review of t he  work which has been done previous ly  oil t h e  
i n i t i a t i v e  of  FAA and i n d u s t r y ,  we i n i t i a t e d  the  i n v e s t i g a t i o n  of  a r e l a t i v e l y  
1 
simple,  coope ra t ive ,  CW doppler  technique which employs random coding t o  permit  
a number of a i r c r a f t  t o  s imul taneous ly  i n t e r r o g a t e  a simple t ransponder .  
b e s t  of our  knowledge t h i s  approach has not been considered previous ly .  
To t h e  
I 
The b a s i c  concept  of t h i s  approach is shown on the  next  s l i d e .  The 
p ro tec t ed  a i r c r a f t  t r ansmi t s  a p a i r  of frequency modulated s i g n a l s  of fl and 
f 2 .  
d e r i v e  a s i g n a l  a t  t h e  ins tan taneous  d i f f e rence  frequency. 
r e t r a n s m i t t e d  t o  t h e  p ro tec t ed  a i r c r a f t  where  it i s  rece ived  and compared t o  the  
i n s t a n t a i e o u s  d i f f e r e n c e  f n  the  t ransmi t ted  p a i r  t o  d e r i v e  the  doppler  s h i f t .  
The s i g n a l  s t r e n g t h  rece ived  a t  the  protected a t r c r a f t  w i l l  v a r y  i n v e r s e l y  as 
t h e  s i x t h  power of range. This  i s  due t o  the squared v a r i a t i o n  i n  t h e  t r a n s -  
nrission, t h e  square  r e l a t i o n s h i p  i n  the u d t i p l i e r ,  . and the  squared v a r i a t i o n  
These s i g n a l s  are rece ived  at t h e  in t rud ing  a i r c r a f t  and m u l t i p l i e d  t o  
c 
This  s i g n a l  is then  
4 
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i n  t h e  r e t r ansmiss ion .  There are two bas i c  parameters,  t h e r e f o r e ,  t h a t  can  
.* 
be used i n  d e r i v i n g  a warning. F i r s t ,  t h e  v a r i a t i o n  i n  s i g n a l  level,  60 dB 
f o r  a decade change i n  range;  and second, the v a r i a t i o n  i n  frequency propor- 
. . - 
t i o n a l  t o  c l o s i n g  v e l o c i t y .  Various combinations of these  parameters can,  
of cour se ,  provide a warning th re sho ld  based on t ime-to-closest-approach 
and/or  range.  
The next  f i g u r e  simply shows func t iona l ly  what is r equ i r ed  t o  implement 
t h i s  approach; a t  t h e  top  I have shown t h e  t r a n s m i t t e r  assembly. The t r a n s -  
mi t t ed  p a i r  can  be derivetl  by the  mixing of two frequency modulated s i g n a l s  t o  
o b t a i n  t h e  sum and d i f f e r e n c e  f requencies .  The advantages of t h i s  arrangement 
are two-fold,  f i r s t ;  t h e  lower o s c i l l a t o r  is then  r e l a t e d  t o  t h e  r e t r ansmiss ion  
frequency ( f3 )  and can  be used i n  t h e  r ece ive r ,  and second; t h e  modulation 
c h a r a c t e r i s t i c s  of t h e  r e t r a n s m i t t e d  frequency (f3)  can be c o n t r o l l e d  d i r e c t l y  
a t  t h i s  o s , c i l l a to r .  
t h e  degree of suppress ion  obta ined  a t  ti& receiver wi th  r e s p e c t  t o  c r o s s -  
products  o r  o t h e r  r e t r a n s m i t t e d  s i g n a l s .  The t r ansmi t t ed  s i g n a l s  should be 
on t h e  o rde r  of  a w a t t .  
ponder, ampl i f i ed  and mixed t o  d e r i v e  t h e  d i f f e r e n c e  frequency, which is ampl i f ied  
and r e t r a n s m i t t e d  t o  t h e  r e c e i v e r .  Bas i ca l ly ,  t he  r e c e i v e r  i n s t an taneous ly  
compares the  rece ived  s i g n a l  frequency with t he  d i f f e r e n c e  of t h e  t r ansmi t t ed  
p a i r  as i n d i c a t e d  by t h e  lower o s c i l l a t o r .  
as shown, by t h e  conversion of  t h e  i n p u t  s i g n a l  t o  an in t e rmed ia t e  f requency,  
C o n t r o l l i n g  t h e  modulation of t hese  o s c i l l a t o r s  c o n t r o l s  
These t r ansmi t t ed  s i g n a l s  are r ece ived  a t  the  trans- 
- 
This  comparison can  be imp.lemented 
where a s s b  f i l t e r  selects s i g n a l s  modified by an approaching doppler  term and 
r e j e c t s  those  modified by a receding  dopplcr term, and then convers ion  t o  the  
dopple t  f r a p e i i c y .  Add i t iona l  p rcccss i zg  cnr. then be e q l ~ y e d  t o  provide a 
- -  - 3 -  . -  
warning based on ampli tude and frequency (range and c l o s i n g  v e l o c i t y ) .  
The f i n a l  f i g u r e  summarizes what appear t o  be t h e  advantages and l i m i t a -  
t i o n s  of t h i s  technique.  F i r s t ,  i t  should be adaptab le  t o  va r ious  degrees  of. 
p r o t e c t i o n  s i n c e  t h e  power l e v e l s  may be d i f f e r e n t  f o r  d i f f e r e n t  d e t e c t i o n  
ranges,  and v a r i o u s  types of process ing  of  the rece ived  s i g n a l  may be incorpora ted .  
such as m u l t i p l e  t a r g e t  s e p a r a t i o n  and d i r e c t i o n  ang le  d e t e c t i o n .  Second, 
i n d i v i d u a l  channel  assignments f o r  each a i r c r a f t  are n o t  r e q u i r e d ,  Thi rd ,  
s i n c e  i t  is a coherent  doppler  system, precise frequency c o n t r o l  i s  n o t  r equ i r ed .  
Fourth,  because it i s  a r e l a t i v e l y  s i m p l e  sys t em,  t h e  c o s t  should n o t  be 
extremely h igh .  
- ,. 
Of cc-crse, there are l i m i t a t i o n s .  F i r s t ,  s i n c e  s e p a r a t i o n  of  r e t u r n s  i s  
accaomplished on t h e  b a s i s  of frequency, two a i r c r a f t  w i th  i d e n t i c a l  c l o s i n g  
v e l o c i t i e s  are  n o t  s e p a r a b l e ,  
t h a t  t h e  p ro tec t ed  a i rcraf t  makes should sepa ra t e  t h e  c l o s i n g  v e l o c i t i e s .  
s epa ra t ion 'o f  on the  o r d e r  of 10 knots  is requi red .  
approximation is  based on s i g n a l  l eve l ,  i t  w i l l  no t  be too  accu ra t e .  
I ' d  l i k e  t o  poin t  o u t ,  however, t h a t  any maneuver 
A 
Second, s i n c e  t h e  range 
> 
For 
i n s t a n c e ,  18 dE t o t a l  v a r i a t i o n  i n  n e t  ga in  r e s u l t s  i n  range accu rac i e s  of 
- 3- 33 percen t .  
ponder power is a f u n c t i o n  of t he  number of a i r c r a f t  as w e l l  as t h e  range,  i t  
may be s a t u r a t e d .  I ' d  l ike  t o  po in t  o u t  here t h a t ,  due t o  t h e  range l i m i t i n g  
f e a t u r e ,  t h i s  s a t u r a t i o n  w i l l  have t o  occur due t o  l o c a l  a i r c r a f t  d e n s i t i e s ,  
' 
F i n a l l y ,  s i n c e  the system i s  a CW system where t h e  t o t a l  t r a n s -  
t h a t  i s ,  a dense s i t u a t i o n  w i t h i n  a 5 t o  10 miles diameter .  
TO conclude,  Langley i s  i n v e s t i g a t i n g  t h i s  technique a s  one p o s s i b l e  
approach t o  t h e  co l l i s ion -haza rd  warning problem. Our work has  n o t  developed 
t o  the  p o i n t  where w e  can  d e f i n e  the  d e t a i l e d  performance of va r ious  equipment 
conf igu ra t ions  o r  t h e i r  cost i n  d o l l a r s .  You can  see, however, that  the  
- 4 -  , 
transponder which would be needed on a l i  a i r c r a f t  is r e l a t i v e l y  simple with  
the major items being the antenna and a l inear ampl i f ier .  We are continuing 
performance analyses of t h i s  concept with particular a t t ent ion  t o  the 
saturatio:i problem, and are  a l s o  invest igat ing  some of the prac t i ca l  imple- 
mentation problems. 
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